Abstract-Radio Frequency Identification (RFID) is a well known technology that has entered successfully in the realm of innumerable applications and is considered as one of the principal building blocks for the realization of the Internet of Things concept. However, the majority of RFID applications require the utilization of multiple RFID readers and therefore effective and efficient planning of their networks is a major concern. Network planning is a complex process that involves different steps, one of which is its topology design. In this paper, we focus on the topology design process of a RFID network following an optimization-based approach. More precisely, we propose a multi-objective cost function that is used to evaluate candidate solutions for the position and power levels of the set of RFID readers to be deployed. In order to obtain optimal solutions we applied Genetic Algorithms, a well known heuristic technique. Finally, a developed software tool to assist in the topology design is also presented and processing delay measurements are performed.
INTRODUCTION
RFID Technology is one of the leading enabling building blocks of the Internet of Things and it is widely used for tracking and tracing items in production chains and stores as well as for different innovative applications such as citizen's documents, surveillance, public transportation, and building access control [1] . For certain applications i.e. warehouse items tracking, interactive museums, tracing products in supermarkets, among others; it is required to deploy a network of RFID readers in a cost-effective way. This can be achieved by following a network planning procedure. Network planning is an iterative process that involves several steps such as topological design, network synthesis and network realization [2] . This process can be based on different objectives such as coverage area, interference reduction, number of tags detected and low deployment cost. Apparently, for optimally satisfying all these -often opposed -objectives, a non-linear optimization problem with a large search space needs to be solved [8] .
In this paper we focused on the topological design of an RFID network in order to obtain the optimal placement and power levels of the RFID readers that are to be deployed. Due to the nature of the problem: a search space with a large number of candidate solutions and different valid local optima, this problem suits to be solved by a well know heuristic technique, Genetic Algorithms (GAs) [3] . GA method is a search technique applied when dealing with huge search spaces and when multiple objectives should be achieved in parallel. GAs are used to obtain optimal solutions for a broad number of problems and are inspired in biological observations linked to the evolution of the organisms.
Consequently, in this work a GAs-based RFID network topology design is proposed. It allows us to obtain RFID readers' location and power levels relying on a multi-objective cost or fitness function that evaluates and rates the solutions provided. In addition, in order to add design flexibility capabilities, we developed a software tool that permits us to vary different parameters such that solutions for diverse test scenarios can be easily proposed.
The rest of the paper is organized as follows. In section II related work is given. Section III provides a brief background on RFID and GA. In section IV the anatomy of the network topology design process is depicted. In section V we describe the software tool developed to assist the topology design. In section VI numerical results related to processing delay measurements are provided and finally the paper concludes in section VII.
II. RELATED WORK
A variety of RFID network issues have been proposed to be solved by using evolutionary techniques including GA. In [4] a new technique for RFID resources allocation based on GA was proposed to deal with the reader-to-reader interference problem. In [5, 6 and 7] GA and binary particle swarm optimization are used to solve multi RFID networks scheduling problem to optimize channels allocation in the system. More related to our work are [8] and [9] where GA are used to propose RFID planning methods.
In our approach the candidate solutions for the required topology design are evaluated by using a linear weighted multiobjective function that considers six parameters: overlapping of the RFID reading area, number of useless readers deployed, number of tags covered, number of readers deployed out of the area to be covered, number of redundant readers deployed and number of tags located inside overlapped reading areas. We also developed a flexible software tool to assist in the topology design process that provides customizable GA parameters, functions to import and export scenarios and parameters settings, a scenario editor and visualization of the solving process and solutions obtained.
III. BACKGROUND
This section provides a brief overview regarding RFID networks and GA.
A. RFID Technology
RFID stands for radio-frequency identification and it is mainly used for tracking and tracing objects, animals or persons. Its major advantage over its predecessor; the barcode is that the identification is stored electronically and it can be retrieved wirelessly via an interrogator or reader with no line of sight requirement [10] . The basic hardware this technology (Fig. 1) is built upon transponders or tags that store an identifier specific object, readers or interrogators w stored in the tags, and the RFID middlew processing of collected data following a cer most used frequencies are 860-960 MHz n Frequency band (UHF) used also used b Product Code (EPC) Gen II/ISO 18000-6c st MHz named High Frequency band (HF) use standard [11] . A RFID network requires the interaction o and a planning strategy should be followed interference problems, maximize the numbe reduce the number of deployed readers and the network.
B. Genetic Algorithms (GAs)
GAs were initially proposed in the 60's by and at the beginning they were applied adaptation and how to bring them into com fact, they try to emulate as an abstraction nature regarding how organisms reproduce on evolution. GAs process populations con individuals. An individual is conformed chromosomes. The chromosome is the set of particular properties of the individual. The different possible values called alleles. The g a particular locus or position inside the chro the chromosome refers to a candidate solut Generally, a chromosome is represented as a encodes it. The genes are bits whose alleles c zero. However, there are different re chromosomes that include real numbers, al etc.
GAs operators mimic what nature organisms' evolution. The main operator Crossover and Mutation. Selection ob individuals (best performing solution) in or exchange their genetic information to produc Crossover performs the combination of the se to produce new solutions and finally, mutat add variety and reduce local optima converg through a huge number of possible solut chromosome represents one point in the s solutions are evaluated based on a fitness fun a measurement which indicates how well the the current problem. A simple GAs workflow There is no rigorous answer to use GAs over other sea applicability of GAs suits when the problem does not require a GAs are also prone to noisy fit measurement of real world proc fitness statistics over many gen the presence of small amounts also depends on the way the functions, the parameters and th
IV. RFID NETWORK

A. Overview
As we stated previously, position and power level of the following a certain criteria. T design solution is that it need effect, maximize coverage that maximum number of tags detec cost by discarding redund deployment. In order to rate c multi-objective fitness function that impact the RFID network described in Section B. Fu dimension squared area as our reader coverage as a circular ar center. We assume RFID pass following section the multi-ob evaluate the candidate solutions
B. Multi-objective fitness func
A linear weighted fitness possible solution is defined measureable indication on how performs at solving the current can be set empirically, s requirements for giving more than others. This function is objectives:
, where
Middleware
, Crossover and Mutation a new reated which is called next actually a next iteration.
2 until a solution is obtained or are reached (execution time, number of generations, etc.).
ike Hill Climbing, Simulated s well as GAs share the same e a set of candidate solutions, fitness function, discard or keep produce variants of the solutions. om the rest is that they use and mutation at the same time.
r to the question: why and when arch methods. Intuitively, the n the search space is "large" and global optimum to be obtained. tness evaluation (involving error cesses) because they accumulate nerations and behave robustly in s of noise. The success of GAs problem is coded, the operator he evaluation function.
K TOPOLOGY MODELING we aim to obtain the optimal RFID readers to be deployed by The main goal of the topology ds to minimize the interference will be directly translated into a cted as well as to reduce network dancy and useless readers' candidate solutions, we define a n that considers different factors k topology design and that are urthermore, we chose a twotest region and model the RFID rea with the reader located at the sive tags to be deployed. In the bjective fitness function used to s is described.
tion function (f T ) to evaluate each (Equation (1)). It provides a w well each evaluated individual t problem. The coefficients (w i ) stressing different simulation importance to some objectives composed of the following six
1) Overlapping of the reading area
The tags located inside the reading area will be normally detected but if any other reader interferes there might be collisions (Fig.2) . Thus, in order select only solutions with reduced reading area interference, we measured the overlapped area caused by all the deployed readers and we defined an acceptance threshold. Equations (2) to (5) show the definition of our first objective function (f 1 ).
The Coverage ratio (CRatio) specifies the amount of overlapping allowed on each reader and CArea indicates the total covered area by the candidate solution. We observe that values from 0.10 to 0.25 require less iterations in order to obtain a suitable solution. If Cratio is equal to zero, the GAs will take more time to obtain a total no-overlapping deployment layout. This implies that the number of readers required will increase since enough readers need to be packed inside a square perimeter to cover the entire area [12] . 
2) Number of useless readers
It is to notice that even if a layout complies with the overlapping parameter it is possible to obtain readers that cover no tags and they need to be discarded from the optimal solutions (Fig. 3) . Therefore, we measure and minimize the number of useless readers (Equations (6) to (8)). 
3) Number of tags covered
One of the main objectives of a RFID deployment is to be able to detect and obtain the IDs of the totality of the deployed tags. We defined a target of 100% of tags detected (Equations (9) to (11)).
We assume that if the tags are covered they will be detected but in practical applications it will not always hold, thus we provide an error reference value determined by defining three cases. In the first case, we associated a uniform probability distribution to the event of a tag being detected. The second and third cases define concentric circular areas inside the reading region with variable probabilities of detecting tags. For the two regions case we empirically defined 90% and 10% as the probability detection rates, whereas 90%, 70% and 10% for the three regions case (Fig. 4) . Finally, the parameter obtained is a reference value that indicates the number of tags that might not be detected. 
4) Number of readers located out of the deployment area
Since we are allowing a huge number of solutions to be evaluated we need to restrict as valid ones all of those whose readers are only located inside the area to be covered. For that purpose we measure the number of readers located out of the established bounds and we eliminate such solutions from the valid ones (Equations (12) to (14)).
5) Number of redundant readers
Some solutions might include redundant readers (Fig. 5) , which happens when two or more readers cover the same or a subset of tags. Such solutions must be discarded because they imply interference, no useful operation and additional cost. In order to measure the redundant readers, we observe the set of tags that each reader might detect and we increase the count each time we find a redundant one. The target is set to zero redundant readers (Equations (15) to (17)). 
6) Number of tags located in overlapped reading areas
Finally, we observe that for certain geometrical considerations readers will tend to overlap in some areas. Additionally, it is possible to obtain solutions that comply with all the previous five objectives but that may present tags located inside overlapped areas (Fig. 6) . Consequently, reading collisions might occur because several readers can be performing a reading process at the same time. Hence, we defined our last objective function to take into account and prevent this problem (Equations (18) to (20)). The target is set to obtain zero tags in the overlapped areas. 
C. Problem Coding
The topology design problem is coded by using traditional binary coding. A reader's position and its power level are represented with 21 bits. The binary string is divided as shown in Fig. 7 . The first 3 bits provide a 7 power step parameter. The following power steps are used: 0 (reader OFF), 0.1, 0.2, 0.4, 0.6, 0.8, 0.9, and 1 Watt (maximum power). Then the 2D position of the reader is defined by a X-Y Cartesian coordinate system with a 10 cm resolution. By allocating 5 bits for the integer part of the position we can obtain 31 different values and by using 4 bits for the decimal part we code values from 0 to 9. Readers are placed between the range of X [0, 31.9] and Y [0,31.9]. For bigger areas the string needs to be modified in order to allow more values. If we define a maximum of 10 readers to be deployed, each candidate solution is composed by 10 x 21 = 210 bits. This gives us a huge search space of 2 210 possibilities where GAs perform successfully in order to obtain an optimal solution.
D. Propagation Models
We used the Friis equation [13] in order to estimate the coverage area of each reader as a reference value (Equation (21) 
E. Genetic Algorithm Implementation
The GA method proposed has the following operators implemented:
1) Selection
Three selection operators are implemented: Roulette Wheel, Tournament and Random Selection. In the first method, each individual is assigned a slice of a "roulette wheel" where the size of each division is related to the fitness they have. The roulette will spin as many times as the size of the new required population. The higher the fitness value, the higher the probabilities for an individual to be selected. In the Tournament method we select "k" individuals from the population. "k" is known as the tournament size. The individual that has the highest fitness among the rest is the one to be selected. Finally Random Selection chooses an individual among the total population randomly. We also implemented Elitism that keeps the best solution obtained through all the iterations performed.
2) Crossover
We implemented two types of crossover: one point crossover with two parents, and two points' crossover with three parents [14] . The idea of the crossover is to combine genes from the selected parents to obtain a new solution that theoretically should perform better. The cutting points are L=20 log f+N log d+Pf n -28 
3) Mutation
Three mutation operators were implemented. The simplest one flips one randomly selected gen from 1 to 0 or vice versa. The other two operators are: Cataclysmic mutation and Migration [15] . The first performs intensive bits flips randomly in the whole population (except on the best solution kept if Elitism is used). The second method introduces randomly generated individuals. Mutation augments the diversity and reduces convergence to local optima.
V. SOFTWARE TOOL DESIGN
The purpose of developing a software tool is to provide a flexible framework that permits the experimentation with several parameters variation but also for observing the solutions generated and providing a graphical interface for specifying scenario problems. JAVA SE [16] was used to develop the application on the Netbeans 6.9 IDE [17]. The tool provides several customizable parameters that can be easily saved and recalled. The block diagram of the application is represented in the following figure (Fig. 8) . 
1) Customizable Parameters
The tool has a Graphical user Interface (GUI) that allows setting and modifying a variety of parameters. For the GA we can define the following parameters: Population size, number of genes per individual, mutation and crossover rates, cataclysmic and migration counters, type of crossover, type of selection and Elitism. The set of RFID parameters that can be modified are: Frequency operation, number of deployed tags, number of readers, transmission antenna gain, tag antenna gain and the power threshold to detect tags. An option for testing that allows us to generate random deployed tags scenarios is also included. Finally, the set of weights of the cost function the size of the area to be covered and the interference ratio can be tuned. The screenshots are presented in Fig. 9 .
2) Import-Export and other functions
The tool provides saving and loading functionalities of all the parameters involved. Additionally, for testing purposes a function to generate, save and load random scenarios was included as well as a Scenario Editor for defining deployment problems ( Fig.10 right side) . The GA can be executed in a step-by-step fashion to observe the evolution of the solutions. The results and the execution of the GA can be seen in a graphical way (Fig.10 left side) . Moreover, we can register the time and the number of generations used to find a solution into a text file which can be utilized for statistics processing. We can also generate and export the solution report into pdf format. The button shortcuts of all the functions are shown in Fig.11 . 
VI. EXPERIMENT AND RESULTS
The objective of our experiment is to measure the time and the number of generations that were employed for different cases. We rely on the assumptions that the current or approximate position of the RFID tags can be obtained and RFID Tags' antennae are never at 90° with respect to the readers, thus they can always be detected.
A. Processing Time and number of iterations
We measured the number of iterations and the time required to solve a scenario composed of 30 tags into a square area of 20 m x 20 m. The coefficients for the objective function were set empirically to 0.2 for w 1 to w 4 and to 0.1 for w 5 and w 6 . We allowed an interference ratio of 0.25. The GA was set to run with a three individual crossover, roulette wheel selection and elitism activated. We ran 100 times each experiment. The complete list of parameters is presented in the Table I . The first measurement involved the comparison of Friis and ITU propagation model in terms of number of iterations and processing time. The results are expressed in Fig. 12 . We observe that the ITU model presents less coverage range than the Friis, consequently, it implies that more iterations and processing time are required for the ITU in order to obtain an optimal solution in contrast with the Friis model. Secondly, we compared the variation of the crossover choice in the GA. We used two and three individual methods for both ITU and Friis models. The results are presented in Fig. 13 . We observe that three individual crossover allows the convergence of the solution in less number of iterations though more processing time per iteration is required. This is due to the complexity of the three-individual crossover function where more candidate solutions need to be evaluated in order to obtain the final individual. However, this increase in processing time is compensated by the smaller number of iterations required to obtain a solution with fitness equals to one. 
VII. CONCLUSION AND FUTURE WORK
In this paper, we presented a RFID network topology design based on Genetic Algorithms. This approach produces flexible RFID reader deployment layouts that optimize the location and power level of the readers to be installed. It takes into account factors such as interference, number of tags to be detected and reader redundancy. We also developed a customizable software tool to assist in the design and we performed measurements that enable the performance comparison of all the processes involved in the topology design. As future work, we are planning to study other optimization methods for more dynamic network configurations in order to improve the processing time. 
